Recent efforts have identified the p38 Ser/Thr kinase as a potential target for the treatment of inflammatory diseases as well as non-small cell lung carcinoma. Despite the significance of p38, no direct activity probe compatible with cell lysate analysis exists.
optimized kinase substrate, the CSox amino acid provides a readily observable increase in fluorescence signal in response to phosphorylation due to chelation of Mg 2+ between the newly installed phosphoryl group and CSox. These probes afford sensitive real-time fluorescence readouts of kinase activity in unfractionated cell lysates (7, 8) , provided that selective substrate sequences for the kinase of interest can be identified (5, 9, 10) .
Recently p38, a member of the Mitogen-Activated Protein Kinase (MAPK) family, has been the target of a variety of drug development efforts (11, 12) since inhibitors of this kinase may provide treatments for inflammatory diseases (13) . Additionally, increased activation of p38 in tumor tissue derived from patients with non-small cell lung carcinoma has been observed (14, 15) . Consequently, with the goal of developing a direct p38 chemosensor which would be compatible with unfractionated cell lysates, we investigated strategies for generating selective substrates for MAPKs.
In the case of MAPKs the development of selective probes has proved more challenging due to the minimal local consensus phosphorylation sequence, S/T-P. This class of enzymes (including the ERK, JNK, and p38 family members) derives specificity through the use of extended protein or peptide docking domains that are distal to the phosphorylation site (16, 17) .
These docking domains serve to target a substrate to a particular kinase and can therefore be viewed as unique address elements. Due to the limited structural information concerning p38
substrates, we chose to employ a strategy in which a known docking peptide sequence (18, 19) ( MEF2A-CSox was selectively phosphorylated by p38 and showed minimal background activity in the presence of the closely related p38 isoform (8%) and the remaining kinase panel.
Importantly, this difference in selectivity for p38 over p38 translated into a 17-fold enhancement in catalytic efficiency for p38(Supplementary Figure S2) . Encouraged by these in vitro studies, we investigated the ability of MEF2A-CSox to report p38 activation in unfractionated cell lysates.
Several studies have demonstrated p38 activation in response to inflammatory cytokines or cellular stress (20) . With this in mind, we treated HeLa cells with increasing amounts of the cytokine TNF (Supplementary Figure S3) . These initial experiments demonstrated that MEF2A-CSox was capable of reporting p38 activation despite appreciable signal due to phosphorylation by off-target kinases. A recent survey of kinase inhibitors (21) indicated that the broad spectrum inhibitor staurosporine is not effective against p38,which was confirmed using recombinant enzyme (Supplementary Figure S4) . Consequently we hypothesized that in this case, staurosporine may be used to reduce the off-target kinase activities allowing for discrimination of the p38 signal. Indeed, the addition of 1 M staurosporine to assays using sorbitol-stimulated lysates demonstrated that a portion of offtarget kinases could be suppressed by using this promiscuous inhibitor ( Figure 3 Table S1 ), these results indicate that MEF2A-CSox is a p38-selective activity probe and that off-target signal can be virtually eliminated using SB203580.
Finally, we investigated the ability of MEF2A-CSox to report the activation of p38 in a variety of cell lines isolated from different tissues and species. Indeed MEF2A-CSox was capable of reporting the activation of p38 in HeLa (human), Cos7 (simian), and NIH-3T3
(rodent) cells (Figure 4, panel d) . The activity in each lysate correlated with western blot analyses indicating that MEF2A-CSox can be used in a variety of mammalian systems and tissues to directly interrogate p38 activity levels.
We have designed and validated the first isoform-selective p38 activity probe compatible with unfractionated cell lysates. This probe provides isoform-specific activity information that cannot be obtained through the use of currently available phosphospecific antibodies. Because the synthesis described herein produces 2.4 mg of MEF2A-CSox, sufficient material for 7,000 assays in 96-well plate format or 28,000 assays in 384-well format (7), this sensor could easily be utilized to rapidly screen compound libraries to identify p38 inhibitors. Furthermore, we envision that this sensor will be useful for detailing the changes in kinase signaling pathways during cellular transformations such as differentiation and cancer development (15) .
Methods
General Reagents and Methods. Low metals grade chemicals were obtained from Sigma and Alfa Aesar. Lysates were normalized for total protein content using the Bio-Rad protein assay Immunodepletions. Immunodepletions were conducted as described previously (8) . Briefly, sorbitol-stimulated HeLa lysates were aliquoted into separate samples (350 g each) at 4 o C.
Depletions were conducted using a rabbit anti-p38(1 g) antibody (Cell Signaling, 9218) along with a naïve rabbit IgG control (1 g, GE Life Sciences). Antibody-bound complexes were precipitated by the addition of Protein A agarose conjugated beads (GE Life Sciences). Input (untreated) samples were used to determined the amount of activity lost due to handling while a separate sample was treated with Protein A beads alone to determine the amount of activity lost due to non-specific binding to the resin. Lysates were flash frozen and stored at -80 o C. ERK5
depletions were conducted in a similar manner using the appropriate antibody (Cell Signaling, 3372). The rate of phosphorylation by off-target kinases was background-subtracted using the activity remaining after the addition of 1 M SB203580 to the input lysates. 
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